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(54) Improved nucleic acid reagents and methods for their preparation 

(57) The invention is related to improved nucleic acid reagents comprising arrays of nucleic acid 
nKrrhn'?'^ combmafons of such fragments. The preparation of such fragment Sy recombinant 
DNA techniques and their use in hybridization methods is also described ecomoinant 
The irnproved nucleic acid reagents comprise two series, one labeled and one affixed to a solid 
HV." P^«^«^^*"y '"o^e ^"^y^ alternating nucleic acid fragments wSich are 

sufficiently homologous to sequences in the nucleic acid to be identified. Nucteic acid fragments 
belonging to different series must not be homologous to each other. Tragments 
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SPECIFICATION 

Innproved nucleic acid reagents and methods for their preparation 

5 The invention relates to improved nucleic acid reagents comprising an array of nucleic acid 5 
fragments and to combinations of such improved reagents. The invention also relates to 
niethods for the preparation of nucleic acid reagents comprised of an array of clones and 
combinations of such nucleic acid reagents, by recombinant-DNA techniques, and to' their use 
for the identification of nucleic acids by hybridization methods. 
^ 0 Various hybridization methods have commonly been used for the identification and study of 1 0 
nucleic acids. Some examples are the direct hybridization methods, in which the sample 
coritammg the nucleic acid to be identified is either in a solution (Brautigam et al., J.CIin.Micro- 
biol., 1980, 72, 226-234 and the British Patent Publication No. 2,019,408) or affixed to a 
solid carrier (US-Patent Nos 4,139,346, 4,302,204, 4,358,535, 4,395,486, the British 
1 5 2,034,323, 2,095,833, the European Patent Publications Nos 1 5 

62,286, 62,237 and 61,740), and is detected by using one labeled nucleic acid reagent which 
hybndizes with the nucleic acid to be identified. 

Other known hybridization methods include the two-step sandwich hybridization method 
presented by Dunn and Hassell in Cell, 12. 23-36, 1977, and the one-step sandwich 
20 hybridization methods presented in the European Patent Publication No. 79 139 For the 20 
identification of the nucleic acids by the sandwich methods two separate nucleic acid reagents 
are needed to detect the nucleic acids present in the sample solution. One of these reaqents is 
affixed to a solid carrier and the other is labeled. 
Nucleic acid reagents, both those affixed to a solid carrier and those which are labeled are 
25 characterized in that their base sequence is complementary, or nearly complementary to' the 25 
nucleic acid to be identified, i.e. homologous. The' nucleic acid reagents used are either natural 
nucleic acids as such or as fragments of them. The fragments are produced, for example by 
using restnction enzymes. Nucleic acid reagents have also been prepared synthetically or by 
recombinant-DNA techniques. Natural plasmids (US-Patent No. 4,358,535), nucleic acids from 
30 bacteriophages (US-Patent No. 4,543,535), ribosomal RNA and messenger RNA (US-Patent 30 
No. 4,302,204), or nucleic acid from different viruses (Stalhandske et a!., Curr Top Microbiol 
Virol. 704, 1983) have been used as the nucleic acid reagents. The whole virus genome has 
been used for identifying, for example, parts belonging to the different viruses in the messenger 
RNA of a hybrid virus (Dunn and Hassell, Cell, 12. 23-36, 1977). Nucleic acid reagents have 
35 also been prepared by using recombinant-DNA techniques (US-Patents Nos 4 395 486 and 35 
"^'^of'ooS' ^"'■°P«3" Application No. 79,139 and the British Pate'nt Publication No 

2,034,323 and the European Patent Application No. 62,286). Nucleic acid reagents produced 
by recombinant-DNA techniques have been used either in such a way that the replicated defined 
DNA fragment has been purified out from the DNA of the vector, or as recombinant-DNA 
40 molecules linked to different vectors. The previously used nucleic acid reagents produced by 40 
recombinant-DNA techniques are made up of one continuous identifying nucleic acid fragment 
or of several separate clones. 

We have developed new, more sensitive nucleic acid reagents, comprising at least two series 
of alternating arrays of nucleic acid fragments prepared from either one or several segments 
45 homologous to the nucleic acid to be identified. 45 
Nucleic acid reagents which comprise such arrays of nucleic acid fragments are in sandwich 
hybridization tests at least twice as sensitive as the previously used nucleic acid reagents By 
using the nucleic acid reagents according to the invention, or their combinations, it is possible to 
identify smaller amounts of nucleic acids than previously, and they are especially well applicable 
50 for sandwich hybridization methods. 5q 
The higher sensitivity of the nucleic acid reagents according to the invention in sandwich 
hybridization methods is in part based on the fact that the use of several probes increases the 
quantity of labeled hybnds on the solid carrier. There may be labeled vector-derived nucleic acid 
along with every hybridizing probe (Figs. 1 and 2). In Figs. 1 and 2, v represents vector-derived 
55 DNA, x the nucleic acid to be identified, b the labeled probe, a the identifying nucleic acid 55 
reagent affixed to the solid carried, and F the filter. When several probes are used, the quantity 
of labeled, vector-derived nucleic acid parts increases, and more label is bound to the hybrids 
being formed. The hybrids are thus more easily detectable. 
When the array of nucleic acid fragments according to the invention are used in sandwich 
60 hybridization methods, at least two, or as shown in Fig. 1 , three, identifying nucleic acid 60 
fragments are affixed to the solid carrier. In this case the different areas of the nucleic acid 
strand x to be detected may hybridize to the nucleic acid fragments affixed to the solid carrier 
for example a„ Sj, and aj, at one or several points, depending on the degree of reaction When 
the reaction reaches its final stage, a situation according to Fig. 1 may be produced in which 
65 the sample strand forms a loop or loops to which the probe or probes, for example, 'b, and b, in 65 
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Fig 1 hybrid ze At this time the distance of the vector-derived nucleic acid parts from the 
hybndization joining point (1) d creases (Fig. 1), and the hybrid is more stable thanTe hvbrid 
formed by one reagent pair (prior art) shown in Fig 2 this hvbrid beina of th« T»,^J .1 
. W r °' ry ^-9--ts. The vel^!i'e' ^'ed paTof? S^meV ' 

u.h TrV.lT'' T'!:^ •'y- ^''^'"P'^' mechanical strain, such a shakTnq In 5 

such a case the label already bound to the hybrid escapes snaKing. in 5 

Since the improved nucleic acid reagents according to the invention are more spn^itiw^ tho« 

?e= lents T^T ''T''' ^'^^ demons'ating chromosomar 

rearrangements and hereditary diseases. 

1 0 Our invention relates to nucleic acid reagents comprising an array of nucleic acid franmon^c < « 
.h J i^, f''"='?"j'i'=^ ?' Invention are showr in the distinguishing features of tlie claims and 

16 ?,:rgtr:h?cr'''"' '"^ a»slpa:yin;' 

F/gure ; shows an array of sandwich hybrids, ^ ^ 

F/gure 2 depicts a sandwich hybrid of the prior art, 

^^^^"^^ sites of two alternating series of nucleic acid fragments in a nucleic ariri 
20 ::;!;entio'n^ ''''''''''' °^ ^" of nucleic acidTe:gln;s a^g Tolhe 

fragments'* corresponding sites of three alternating series of arrays of nucleic acid 

Figure 5 shows an array of nucleic acid fragments according to Fia 3 seoarate {»\ i«inoH 
together (b) and both separate and joined together (c) ^' ^ ^ ^"'"^'^ 

25 F/gure 6 shows an array of sandwich hybrids 

^Rgure 6a shows an array of sandwich hybrids which is formed When separate fragments are 

^^F^gure 66 shows an array of sandwich hybrid which is formed when joined b-fragments are 

b-fSgmtms Se^Ld" °' '^'''^ bothseparate and joined 30 

FinZl 1^°""^ ^" ^''^^ °I ""''If''' ^''''' '^^9^"*^ ^f^'^*^ 'dentify different nucleic acids 
Figure 8 shows an array of sandwich hybrids which are formed when the arrav of m.Hpi,. 
reagents according to Fig. 7, identifying different nucleic addT. arrHsed 

Soure ?0 sSnic J-^""*^' 1°^'""'^ " '^'^^^^ hybridization method, 35 

/-/gure 70 shows the recombinant plasmid pKTH 1220 

fr,nm»ntJ ^ ^^^^V °^ sandwich hybrids which is formed when an array of nucleic acid 

fragments prepared from the recombinant plasmid pKTH 1 220 are used 

Figure 72 shows the recombinant plasmid pKTH1271 
frfJiTj^ shows an array of sandwich hybrids which i^ formed when arrays of nucleic acid 40 
fragments prepared from the recombinant plasmid pKTH1271 are used 

Our invention relates to nucleic acid reagents composed of an array of nucleic acid fraomAot* 
These arrays of nucleic acid reagents comprise at least two. but preferabrsev^^aralternS 

45 su^ cientf: h '^T'"'"' V° ^^^'^^ ^re derived from one or seve al nuc eic aids 

45 sufficiently homologous to the nucleic acid which is to be identified Thereby there Tre oh5aS 

. h*oXrs?;r;nSr"^ -"^^ 

The arrays of nucleic acid reagents can be prepared synthetically. In this case the franmpnt* 

50 Tc^ other" Bu'fh^e: m' "il ""''l^''' ''''' '-gments.'mus; notTe^om^.^go^^^^ 

h! ^^.i * w xV ^ sufficiently homologous to alternating sites in the nucleic acids to «;n 

ch\ a'cJSion^^^^^ ''''' ^""V -tomatic machines after ' ° '° 

cnaracterization of the nucleic acid sequence of the nucleic acid to be identified 

boIh Lnl? "'^f '"9^"'s according to the invention are composed of separate, or joined or 
both separate and joined array of nucleic acid fragments. ^ ' 

totltly dStfTecfo? p^t.'"'"'"'' '° ' ^^'=^°^' °^ - be 55 

The nucleic acid fragments used have a minimum length of 15 nucleotides There is no artnai 
ZZ^T 't.'""^''.- advantageous to use fragments having Tlength of 20-5000 

nucleotides. The nucleic acid fragments according to the invention are derived ei her from the 

t^ Z n'^'^r""^ ' f °^ a^"^'^^- The arrays of nucleic acid fragments accordi no 
Hirl^?. 'tu ''^ P^'P^^^*^ ^^""^ ^«^«^al independent genome arLs S are not ^ 

tt L't;:rm ThVr^' 'T't- P-p'-d are com'Lred and used for 

65 s not H!nt ^1 . I ^ °^ "ucleic acid fragments can also be isolated from a DNA which 
65 IS not Identical to the nucleic acid to be identified but sufficiently homologous, so that a sTaWe 65 
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hybrid is formed between the reagent and the nucleic acid to be identified. The preparation of 
suitable arrays of nucleic acid fragnnents: is by no means limited to the isolation of suitable 
nucleic acid fragments from the genome. There are available many equally useful methods to 
prepare such arrays of fragments. The man skilled in the art can prepare arrays of nucleic acid 
5 fragments by synthetic or semisynthetic methods. 5 
The reagents are isolated in such a way that at least two series of alternating nucleic acid 
fragments, a,, aj, a^, etc., and b,, bj, bg, etc., are obtained. The nucleic acid fragments 
belonging to the series a,, aj, b^, etc. are composed of fragments situated close to but not 
adjacent to one another. The nucleic acid fragments belonging to the series b,, bj, bg, etc, are 

10 also composed of nucleic acid fragments situated close to but not adjacent to one another. The 10 
nucleic acid fragments belonging to the series a,, aj, ag, etc. and those belonging to the series 
bi, bj. ba, etc. must not be homologous to each other. It is preferable that the nucleic acids 
belonging to the series a,, aj, 83, etc. and those belonging to the series b,, bj, bg, etc. are 
isolated in such a way that every second fragment belongs to the a-series and every second to 

15 the b-series, as shown in Fig. 3. In Fig. 3, a,, aj, ag and b,, bj, bg are arrays of nucleic acid 1 5 

fragments sufficiently homologous to the nucleic acid to be identified. It is, of course, possible 
that even a third nucleic acid fragment series, c,, Cj, C3, etc., is isolated from the same nucleic 
acid, as shown in Fig. 4. It is preferable that the alternating two nucleic acid reagents follow one 
another directly, but this is no absolute prerequisite for the invention. 

20 The nucleic acid fragment series described above can be used either as separate fragments a,, 20 
82, 83, etc., and b,, bj, b^., etc. (Fig. 5a) or joined together into longer strands ai-aj-ag, etc., 
and bi-b2-b3, etc. (Fig. 5b). It is, of course, possible to prepare all kinds of intermediate forms 
such as, for example, an a-series in which a, is a separate fragment and 33-83 are joined 
together, and in the b-series, for example, bi-bj are joined together and bg is separate, etc., as 

25 shown in Fig. 5c. 25 
Fig. 6 depicts various arrays of sandwich hybrids. Fig. 6a shows an array of sandwich hybrids 
in which the arrays of nucleic acid fragments are separate. Fig. 6b shows an array of hybrids in 
which the labeled array of nucleic acid fragments are joined together. Fig. 6c depicts a case in 
which an array of sandwich hybrids is formed from both joined and separate labeled arrays of 

30 nucleic acid fragments. In Fig. 6, x represents the nucleic acid to be identified; b,, bj, and 30 
represent the labeled probe, and a,, and represent arrays of nucleic acid fragments affixed 
to a solid carrier. 

Nucleic acid fragments which belong to the b-series can, for example, be labeled in such a 
way that a labeled nucleic acid reagent is obtained, i.e. the probe B. The nucleic acid reagents 

35 which belong to the a-series can be affixed to a solid carrier in such a way that a nucleic acid 35 
reagent A bound to a solid carrier is obtained. It is, of course, alternatively possible to prepare a 
labeled nucleic acid reagent A, and a corresponding nucleic acid reagent B bound to a solid 
carrier. ' 
Such nucleic acid pairs A and B, or B and A, labeled and respectively affixed to a solid carrier 

40 can be prepared for several different nucleic acids to be identified. They can be combined into 40 
suitable nucleic acid reagent combinations, which are composed of different nucleic acid reagent 
pairs A, and B,, Aj and Bj, Ag and B3, etc., or B, and A,, Bj and Aj, B3 and A3, etc. Reagents 
containing arrays of nucleic acid fragments which identify different nucleic acids can also be 
combined so that a probe A^-A^-Z, is obtained, which, for example, comprises an array of 

45 nucleic acid fragments (ai-a2-a3),-(a,-a2-a3)y-{ai-a2-a3),, as shown in Fig. 7, in which a,,,, aj, 45 
and ag, are arrays of nucleic acid fragments A, which identify nucleic acid x; a^y, ajy and 83^ are 
arrays of nucleic acid fragments Ay which identify nucleic acid y; a^^, 82, and 33, are arrays of 
nucleic acid fragments A^ which identify nucleic acid z, and v is a vector-derived nucleic acid 
part. Joined arrays of nucleic acid fragments can, of course, also be used as separate fragments, 

50 as suitable mixtures. 50 
The arrays of sandwich hybrids according to Fig, 8 are obtained by using the reagents shown 
in Fig. 7. If simultaneous identification of several different nucleic acids is desired, it is, of 
course, necessary to use separate filters, as shown in Fig. 8. Fig, 8a shows a solid carrier 
identifying the nucleic acid x, Fig, 8b a solid carrier identifying the nucleic acid y, and Fig. 8c a 

55 solid carrier identifying the nucleic acid z. In Figs. 8a, 8b and 8c, b,, and bj, are arrays of 55 
nucleic acid fragments affixed to a solid carrier and identifying the nucleic acid x; biy and bjy are 
arrays of nucleic acid fragments affixed to a solid carrier and identifying the nucleic acid y; and 
b,j and bj^ are arrays of nucleic acid fragments affixed to a solid carrier and identifying the 
nucleic acid z; and x, y and z are the nucleic acids to be identified. F,, Fy and F, are the 

60 respective solid carriers or filters, A^-Ay-A^ is a probe which identifies all the three nucleic acids 60 
simultaneously, if separate solid carriers are used. 

The above-described nucleic acid fragment series, reagents and reagent combinations can be 
prepared by recombinant-DNA techniques known perse. A number of nucleic acid fragments of 
different lengths are generated, by using restriction enzymes, from the nucleic acid to be 

65 identified or from a part representing it. If the restriction map of the genome to be identified is 65 
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known, it is possible to select from the genome the suitable adjacent fragments, generated bv 
^A^^SnCes'"''"'^ using'r:comb1nanI 
When an unkriown genome is involved, an intermediate stage can be used in the Dreoaration 
5 of the reagents ,n such a way that a relatively large restriction fragment is cLed thTfraqment 5 
IS mapped, and the arrays of nucleic acid fragments series a a a ^tr anT k V t * 
produced on the basis of the information thu? obtained " " " ' ^ ''' ' 

It IS of course, possible to use combinations of the above methods and to use several larae 
separate cloned restriction fragments as starting material, and to prepare severaUeZa e se^s 
1 0 which are combined to form suitable combinations h h « s^everai separate series, 

It IS advantageous to prepare the nucleic acid fragment series a„ a„ a,, etc.. and b, b b 
!? "''"9 recombinant-ONA techniques in such a way 'hat the 
series a is c oned into one vector, for example into the plasmid pBR322, and whereas the series 
b .s cloned into another suitable vector, which does not have sequences in common with the 
Thrfr.nm!S rH?' '^^^^^""P^^^^ ^ ^ 3 is an example of such a second advantageous vector 15 
l. r ZlTT ''«'°"9'"9 to the series a can be joined to one another, and the joined series can 

.nJl ?ntn h "^oo.^n' ^'""P'^' "e cloned as a continuous 

msert into the same pBR322 vector. In a corresponding manner it is possible to prepare a 

20 iorSnZr - '^f '° »° ^''<=h very largeTserts of 

purpose ^ '^'"''d«P»^«9« ^o^mid vectors a7e suhable for t?is 

^I?"^'.!Tu®!.?®"* P^''* comprising arrays of nucleic acid fragments are needed in the 
sandwich hybridization method according to the invention, a reagent labeled with the label 

25 Mn^tZr^.^" 1^'""?^' ' P^^''^' ' ^^-""^'^ ^««9«"t affixed to a s^Hd carr er 
25 Most commonly, radioactive isotopes are used for labeling the probes For examol^ in th! 
Bmish Patent Publication No. 2,034.323..:the US-Patents 4'?58, 535 and 7302 20 J the 
fdlowing .sotopes are used: 3^P .3,, 3h. the European Patent Publication No 

InH liii H ! ^'^"^ P'°^«^ "^^^^ been modified in different ways 

and labeled with, e.g. fluorescent labels (French Patent Publication No. 2,518 755) Also 

To'i o1n%°'tr'r'''"''^'"'''"L'l^.'' "'^"'^ "^^^ ^''^'''^ Publication No. 30 

2'5 9 oSsi '?J,^"^°P««" P^^^"' Pubhcation No. 63.879 and the French Patent Publication No. 
2,51 9.005). The European Patent Publications Nos 70,685 and 70 687 describe a liaht 
emitting label and labeling method, and the French Patent PubiicatiorNo. 2 5 8 75?5escribes 
4%'7TI'9o measurable label. The lanthanide chelates described in US-P^tent No 

35 4,374,120 especially europium, can be used as label substances. Also the biotinSin label 
substance described by Leary et al. (PNAS 80. 4045-4049, 1983) is suitable as aTbel A few 
examples of labels which can be used for the labeling of nucleic acid reagents accorS to the 
mvention are mentioned above, but it is evident that there will be developed new Trnpr^ved 

A IJl'if'^?''!"^''? -^"u^o®' '^^3®"^' nitrocellulose filters (US-Patent No 

tkfi OR., w '"1'"^ ^""'u Publication No. 2.095,833). The DDR-Patem Publication No 

148,955 describes a method of binding nucleic acids chemically to the carrier (paoer 
US-Patents Nos 4.359,535 and 4,302.204 describe chemically modified papers which can be 
45 used as solid earners. Other alternatives include nylon membranes and moc^fiS nit^oTellulose 

.Si. f " " '""^'^ ^« '^^^^'^P^'^ '"^terials which will be even r^o^ 

surtable for use as solid earners according to the invention. It is, of course, possible to use also 

Sml?J . 7""''- "'^'^"^ chromatography matrices such as triazine- or epoxy^activated 

cellulose, latex etc. In pnnciple, there are no other limitations to the selection of the solid ^rr^f^^^ 

tZ ° ?H '"'""'"^ '° P"^^''"^ '° ^'"'^ acid in a single s anded 50 

form o the solid earner so that these single-stranded nucleic acids can hybridize wi?h the 
complementary nucleic acid. The solid carrier must also be easy to remove from the 
rlrr[^ r "I' °' f^Vbridization solution must be easy to remove from the solid 
55 off """"^ ^"^^^'^ ^° '^'^'^ ^° ^bat it cannot be washed 

JJ"! thT ^°"^binations of the arrays of nucleic acid reagent pairs A and B or 8 

for th; SSn T ^ ""'"^ respectively, and from su?h nucleic acid pai s made 

IC and A!'?d b" " *° ' combination rand B.. 

60 These combinations can be used for the simultaneous identification of the nucleic acids x v fin 
and z by sandwich hybridization methods. ^ ^° 

The sample is treated in such a way that the nucleic acids are released into the hybridization 
t?nn In^'r ""^ I^^^Vare rendered single-stranded. The hybridization is carried out Tn a hjb S a 
tion solution to which both the nucleic acid reagents affixed to a solid carrier and theCed 

65 ones are added. When hybridization has taken place, the filters are lifted fror^ the hyb fdizt.on 65 
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solution, if filters have been used as solid carriers. If chromatography matrices, latex, or the like 
have been used, the hybridization solution is removed. The solid carriers are rinsed with a 
suitable washing solution. The arrays of sandwich hydrids formed (Figs. 8a, 8b, 8c) are detected 
by methods known perse. The radioactive label is measured, for example, by autoradiography, 
5 by a scintillation counter or by a gamma-counter. For example, an enzymatic label is identified' 5 
after, for example, a color reaction, by photometry or on the basis of a precipitate. Lanthanide 
chelates can be detected by a so-called "time resolved fluorescence" method. An immunological 
label is detected by immunological methods suitable for the purpose. 
Several different mixtures can be used as the hybridization solution; the alternatives presented 
10 in the European Patent Publication No. 79,139 and US-Patent 4,302,204 are mentioned as 10 
examples. It is, of course, also possible to use other hybridization mixtures. The hybridization 
takes place at a temperature of 0-80X, but is advantageous to use, for example, a temperature 
of 65'C. Sufficient hybridization may occur in a very short period, but it is advantageous to use 
hybridization periods of, for example, 12-20 hours. 
1 5 The two-step sandwich hybridization method is carried out in principle in the same manner, 1 5 
but in this case the nucleic acid reagent affixed to a solid carrier is first added to the 
hybridization solution. When the hybridization has taken place, the solid carrier is washed and a 
second hybridization is carried out in which the labeled nucleic acid reagent is present. 
The above-described labeled nucleic acid reagents or reagent combination A,, Ay, A„ etc., and 

20 B., By, B,, etc., can, of course, be used in direct hybridization methods. In such a case the 20 
nucleic acid sample in a solution must be divided for each nucleic acid x, y and z to be 
identified or, if the sample is affixed to a solid carrier, a separate sample affixed to a carrier must 
be prepared for each sample. The formed array of hybrids (Fig. 9) is detected by methods 
known perse. In Figs. 9, F represents the solid carrier, i.e. the filter, x the nucleic acid to-be 

25 identified, and v the vector-derived parts. The labeled probes used are a,, aj and (Fig. 9a), b, 25 
and bj (Fig. 9b), and a,, b,, aj. b^: B3 (Fig. 9c). - 

As already described above, various combinations of nucleic acid reagents can be made up 
from the arrays of nucleic acid fragments according to the invention. It is possible by using 
these combinations to identify several different nucleic acids simultaneously. Arrays of nucleic 

30 acid fragments homologous to the different nucleic acids to be identified can be used as 30 
separate fragments in the mixtures or joined together in such a manner that one probe 
identifying several different nucleic acids is obtained. Nucleic acid reagents affixed to a solid 
carrier must, of course, be kept separate in order for the identification to be successful. 
Hybridization using arrays of nucleic acid fragments can be used for identifying various 

35 human, animal and plant pathogenic microorganisms. By the method it is possible to identify 35 
microorganisms present in foodstuffs, such as Clostridia, salmonellae, staphylococci, which 
cause food poisonings. The method is suitable for the identification of contaminants present in 
water, such as enterobact'eria and enteroviruses. 

Since the sandwich hybridization test using arrays of nucleic acid fragments is a quantitative 

40 method, it is applicable to, for example, the detection and measurement of gene amplification. 40 
This characteristic is significant in, for example, the detection and treatment of cancer. The 
formation of a stable array of hybrids requires that the homologous sequences of the probe 
reagent and the filter reagent are located within a moderate, preferably less than 5 kilobase (kb), 
distance from each other in the sample strand. If changes with respect to the distance between 

45 these two areas do occur, the change is deary observable by this method. Therefore the method 45 
is also suitable for the detection of changed mRNA, chromosomal rearrangements, the 
rearrangement of immunoglobulin genes for expression, and hereditary diseases. It is thus 
possible to construct various reagent combinations from the arrays of nucleic acid fragments. 
For example, for the identification of the causative agents of venereal diseases it is possible to 

50 prepare kits which include a probe which contains arrays of nucleic acid fragments which 50 
identify gonorrhea, syphilis, herpes and chlamydiae. The identification is in this case possible by 
using separate filters for gonorrhea, syphilis, herpes and chlamydiae. 

The invention relates particular to arrays of nucleic acid fragments comprising the recombi- 
nant plasmids pKTH1220 and pKTH1271. The recombinant plasmid pKTH1220 comprises, in 

55 the plasmid vector pBR322, DNA of Chlamydia trachomatis 12 which is specific to the 55 
Chlamydiae. This recombinant plasmid is cloned into the host Escherichia co// K12 HB101. The 
recombinant plasmid 1271 comprises, in the plasmid vector pBR325, DNA from the cytomega- 
lovirus AD 169. This recombinant plasmid is cloned into host Escherichia coli K12 HB 101. The 
hosts containing the recombinant plasmids pKTH1220 and pKTH1271 have been deposited at 

60 the culture collection Deutsche Sammlung von Mikroorganismen (DSM), Griesebachstrasse 8, 60 
D-3400 Gottingen, West Germany. The number of the deposit containing the recombinant 
plasmid pKTH1220 is DSM2825 and the number of the deposit containing the recombinant 
plasmid pKTHI 271 is DMS2826. The deposits will be freely available once the patent 
application has been made public. 

65 The invention is described in greater detail in the following examples. These examples must 65 
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not, however, be understood as limiting the protective scope of the invention. The structure of 
the nucleic acid (DNA and RNA) is similar whether the question is of a nucleic acid derived from 
a eucaryotic or a procaryotic cell. For this reason the principles presented in the examples are 
equally well applicable to the nucleic acids of animals (man included), plants and microbes or 
5 viruses. Thus the reagents according to the invention can be used to detect the nucleic acids of 5 
man. animals, plants, microbes and viruses. The arrays of nucleic acid fragments can be 
prepared synthetically, too. The sequence of nucleic acids to be identified can be characterized 
and homologous arrays of fragments prepared by automatic nucleic acid preparation machines. 

10 Example 1 

(a) Arrays of nucleic acid reagents from Chlamydia trachomatis and their preparation 
DNA fragments suitable for the diagnostics of the Chlamydia trachomatis group were prepared 
from the DNA of Chlamydia trachomatis serotype L2. The DNA was isolated and fragmented by 
known methods, and the resulting DNA fragments were cloned into the plasmid PBR322 and 

1 5 transferred to the host organism Escherichia coli K1 2 HB1 01 , by known methods. A gene bank 1 5 
of the Chlamydia trachomatis 12 bacterium was obtained as a result of the cloning, i.e. a large 
number of recombinant plasmids, each having a separate BamHI restriction fragment of DNA 
derived from chlamydiae. For reagent production, recombinant plasmids containing maximally 
large DNA inserts derived from chlamydial DNA were selected from the gene bank. One such 

20 plasmid is the one designed pKTHI 220, which has been deposited at the culture collection 20 
Deutsche Sammlung von Microorganismen under the number (DSM 2825) and the suitability of 
which for use as a reagent was demonstrated by a direct hybridization test. The test showed that 
pKTH1220 identified all of the nucleic acids derived from different Chlamydia trachomatis 
serotypes, but no other nucleic acids. 

25 ' The applicable fragments, obtainable by using different restriction enzymes, were selected 25 
from the pKTHl 220-plasmid DNA, and some of these fragments were transferred by further 
cloning into pAT153 plasmid (Maniatis et al., Molecular Cloning. A Laboratory Manual, Cold 
String Harbor Laboratory, p,6, 1982) and some to Ml 3 phage. Fig. 10 shows the recombinant 
plasmid pKTH1220, having a molecular length of 14 kb. In Fig. 10, BamHI, Sail and Clal 

30 represent the restriction enzymes used, and a,, aj, b,, bj and illustrate the size and mutual 30 
locations of the fragments produced with the aid of these restriction enzymes. The fragments 
belonging to the series b as labeled probes. Table 1 lists the sizes of the fragments and the 
vectors used for further cloning, the names of the recombinant plasmids, and their use. 

35 Table 1. ok 







Fragment 


Size 


Vector 


Recombinant 
plasmid 


Use 




40 


a, 


Clal-Sall 


3.0kb 


pATI 53 


PKTH1252 


Filter 


40 






Sall-Clal 


2.9l<b 


pAT153 


pKTH1250 


Filter 




b, 


Sall-BamHI 


0.7kb 


M13mp8 


mKTH1242 


Labeled probe 








BamHI-Sall 


1.4kb 


M13mp8 


mKTH1239 


Labeled probe 




45 


ba 


Clal-Clal 


1.7kb 


Ml 3mp8 


mKTH1248 


Labeled probe 




b1-b2 


BamHI-BamHI 


2.1kb 


M13mp8 


mKTH1245 


Labeled probe 


45 



The fragments listed in Table 1 were isolated from an agarose gel by electroelution and were 
cloned into the appropriate restriction enzyme identification sites of the vectors listed in Table 1 , 

50 by using known methods. ' 50 

The fragment BamHI-BamHI 2.1kb was produced as follows: the fragments BamHI-Sall 
1 .4kb and Sall-BamHI 0.7kb of the plasmid pKTH1220 were separated by gel electrophoresis 
in agarose gel, from which they were isolated. The purified fragments were joined to each other 
with the aid of T4 tigase enzyme, and of the 2.1kb DNA fragments produced in the reaction, 

55 those which had free ends which were identified by the BamHI enzyme were further joined to 55 
the BamHI restriction site of the double-stranded form of the M13mp8 phage DNA. Thus there 
was made a recombinant phage-DNA (mKTH1245) which contains Chlamydia trachomatis DNA 
comprising two separate DNA fragments which are not located adjacently in the genome. 
However, in the genome they are located adjacent to the DNA reagents pKTHI 250 and 

60 pKTH1252 to be affixed to the filter (Fig. 1 1). Fig. 1 1 shows an array of sandwich hybrids 60 
which is formed when the recombinant plasmids and recombinant phages listed in Table 1 are 
used as arrays of nucleic acid reagents. 

(b) Demonstration of the sensitivity of an array of nucleic acid reagents from Chlamydia 
65 trachomatis by using the sandwich hybridization method 65 
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10 



15 



The sensitivity of an array of nucleic acid reagents as compared with a single continuous 
reagent pair was studied by the sandwich hybridization method. The test was carried out using 
filters which all contained 10^^ molecules of both pKTH1250 (aj) and pKTH1252 (a,) DNA 
rendered single-stranded. The sample to be studied was the plasmid pKTH1220, which for the 
test was rendered single-stranded by boiling for 5 min in 0.1 7 M NaOH, whereafter it was 
transferred to OX and neutralized with an equimolar amount of acetic acid. The following 
probes labeled with '"j^ \\^xed in Table 1, were used in the tests: mKTHI 242(bi), 
mKTH1239(b2K mKTH1248(b3) and mKTHI 245(b,-b2). 

The hybridization was performed at + 65X for 1 7 hours in a hybridization solution having 
the following composition: 4 X SSC, 0.02% Ficoll, 0.02% polyvinyl pyrrolidone, 0.2% SDS, 
and 200 tig/ml herring sperm DNA. The filters were washed for 2 h at 50'C with a washing 
solution, having the following composition: 0.1 X SSC, 0.2% SDS, and were counted using a 
gamma-counter. The results are shown in Table 2 and are the means of five parallel tests. 

Table 2. 



10 



15 



20 



25 



30 



Hybridized radioactivity, 



Specimen 



molecules/test 


*'2 


*>3 






(b,-b2).b3 


0 37 


37 


33 


49i 


39 


52 


10* 48 


44 


48 


93 


68 


140 


10^ 226 


236 


232 


396 


416 


686 


108 1475 


1415 


1456 


2912 


2637 


3580 



20 



25 



30 



35 b. 



40 



"3 

b^-b, 
b^^b^ 

(^-^2^'^3 



380,000 cpm/test; 
340,000 cpm/test; 
350,000 cpm/test; 
310,000 cpm/test; 
700,000 cpm/test; 
700,000 cpm/test; 



5 X 10 cpm/pgDNA 

4 X 107 cpm/^jgDNA 

7 

5 X 10 cpm/pgDNA 
7 X 10^ cpm/pgDNA 



35 



40 



45 



Statistically calculated, the 95% confidence limit of the tests performed without a sample 
negative controls) was regarded as the lower limit for positivity. These values were 52-54 
cpm when the probe was b,, bj or bg. 58 cpm when the probe was b,, bj, 56 cpm when the 
probe was b^-bj, and 65 cpm when the probe was b.-b,, b,. 

50 

(c) Chlamydia diagnostics by using sandwich hybridization with arrays of nucleic acid frag- 
ments 

Specimens taken from three men suffering from urethritis and three women suffering from 
cervicitis were selected for the test. Chlamydia trachomatis had been isolated from the male 

55 urethral specimens and the female specimens taken from the cervix. In addition, a correspond- 
ing number of similar patient specimens, from which chlamydia had not been isolated, were 
studied. The specimens to be examined were taken with cotton-tipped swabs which were 
immersed in a chlamydia sample-taking buffer containing 0.2 M saccharrose, 20 mM phosphate 
buffer; 3% fetal calf serum, 10 ^9/"^* gentamicin, 100 fig/ml vancomycin, and 25 lU/ml 

60 nystatin. 

Chlamydia was cultivated from the specimens. The original specimens were also assayed by 
sandwich hybridization using an array of nucleic acid fragments. The specimens were concen- 
trated by using 2-butanol to remove liquid from them in such a way that the final volume was 
about 80 /il, their concentration for the testing thus being about 3-7 fold. Thereafter 70 mA 
65 EDTA, 0.7% SDS, 200 ug/ml proteinase K enzyme were added to the specimen, and it was 



45 



50 



55 



60 



65 
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treated for 1 5 min at 55'C and for 45 min at 'iTr Thcronftor tK-» . . 

min in n 17«; M NflOW TKo K i j • ^^"^^ ^- 'hereafter the specimen was bo ed for 5 

:Z:^^e!lLlToU^^^^^^^ neutralized with an' 

Example lb were used in the test iVe probe us^^^^ 

Ml hybridization reaction. The results are shown in Tabled ^ ' '^P'^/^OO 



Table 3. 



10 



15 



Hybridized 
radioactivity 



Result of 
chlamydia culture 



Man 1. 


151 


+ 


Ma t-i O 


164 


+ 


20 Man 3. 


154 


+ 


Man 4. 


61 




Man 5. 


76 




Man 6. 

25 


55 




Woman !• 


343 




Woman 2. 


509 


+ 


30 Woman 3. 


362 


+ 


Woman 4. 


57 




Woman 5. 


56 




Woman €• 

35 


81 




Buffer, 5r, 
4 


30-55 





10 



15 



20 



25 



30 



35 



40 Chi, trachomatis 
L2 bacterium, 10^ 



419 



40 



45 



The limit for positivity in the tests was 1 04 cpm 
franm/ntc''!! l^S^ ? ^^3°""^ sandwich hybridization using an array of nucleic acid 

50 Example 2. 

'^'n^i,'"^" °' ""'^'"''^ '«sgenK from Cytomegalovirus and their oreoaretion 
65 recomb.nant p.asmid thus described was designated pKTH 12"l':'and^t lis depUefit the' 



45 



50 



55 



60 



65 



9 
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culture collection Deutsche Sammlung von Microorganismen under number DSM 2826. The 
recombinant plasmid was grown and purified by known techniques. 

The further clonings were carried out by known techniques by. using as vectors the pBR322 
plasmid and the M13mp7 and M13nnp8 phages. Figs. 12 shows the hybrid plasmid 
5 pKTH1271 having a molecular length of about 9 kb. The array of nucleic acid fragments shown 5 
in Fig. 12 were prepared by using the restriction enzymes EcoRI, BamHI, Clal and Pstl. Fig. 12 
shows the fragments obtained by using the restriction enzymes as well as their relative size and 
location. Table 4 lists the sizes of the fragments in question and the vectors used for the further 
cloning, the names of the thus obtained recombinant plasmids, and their use either as filter 
10 reagents or as labeled probes. Fig. 13 shows an array of sandwich hybrids which is formed 10 
when the array of nucleic acid fragments listed in Table 4 are used. 

Table 4. 





Restriction 


fragment 


Vector 


Designation 


use 


a, 


EcoRI-PstI 


(3.3kb) 


pBR322 


PKTH1273 


Filter 




Clal-BamHI 


(3.0kb) 


pBR322 


PKTF1274 


Filter 


b, 


Pstl -Pstl 


(0.6kb) 


M13mp7 


mKTH1277 


Labeled probe 


b2 


Pstl-Clal 


(I.Okb) 


M13mp8 


mKTH1278 


Labeled probe 


b. 


BamHO-EcoRI 


(I.Okb) 


M13mp8 


mKTH1279 


Labeled probe 



(b) Demonstration of the sensitivity of an array nucleic acid reagents from cytomegalovirus by 
25 the sandwich hybridization method 25 
The sensitivity of an array of nucleic acid reagents as compared with one continuous reagent 
pair was assayed by the sandwich hybridization method. The specimen in the tests was CMV 
DNA, which was boild in 0.17 M NaOH for 5 min. and was thereafter neutralized as in example 
lb. Filters which all contained 10'^ molecules of both pKTH1273(a,) DNA and pKTH1274(a2) 
30 DNA, rendered single-stranded, and the following probes labeled with ^^sj (jsted in Table 4: 30 
mKTH1277(b,), mKTH1278(b2) and mKTH1279(b3) were used in the test. The probes each 
contained 10^ cpm/jLtg DNA. The hybridization was carried out as described in Example lb. The 
results are shown in Table 5. 

35 Table 5. oc 



40 



Specimen 
molecules/test 



Hybridized radioactivity, 
with (b) as the probe 



40 



b^,b2,b3 



45 



50 



10 

4x10^ 
1.6x10' 



35 
38 



85 
203 



33 
44 



38 
46 



135 142 
254 265 



45 



95 

205 

415 



53 



125 
292 
645 



45 



50 



55 bl 310-000 cpin/test 55 

b2 320,000 cpm/test 

b3 300.000 cpm/teBt 

bl,b2 300-000 cpm of each/test 

60 

bl,b2,b3 300.000 cpm of each/ test 



60 



65 



in the test of value of the lower limit for positive was 51-55 cpm when the probe was b,, bj 65 
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Table 6. 



35 

Specimen 


Hybridized 
radioactivity 


Virus isolation 


Infected cells (10^) 


3521 


Not done 


Urine 1(10 ml) 


243 


CMV 


40 Urine 2(10 ml) 


3215 


CMV 


Urine from a healthy 






person (10 ml) 


52 


Not done 


Lung biopsy specimen 


535 


CMV 


Control cells 1 0^ 


68 


Not done 


45 No specimen 


65 


Not done 



10 



or bj, 59 cpm when the probe was b,, bj, and 63 cpm when the probe was b,, bj, bj. 

The results in Table 5 show that sandwich hybridization in which an individual probe reagent 
in used (b,. bj or bj) detects in each case 4 X 10« CMV — DNA molecules. On the other hand 
hybridization with a reagent of b,. bj or b„ b,, bj detects as few as 10^ molecules of 
5 CMV-DNA. The results show that the array of nucleic acid reagents are four times as sensitive 
as individual nucleic acid reagents. 

(c) CMV diagnostics by using sandwich hybridization with an array of nucleic acid reagents 
Clinical specimens were assayed by using sandwich hybridization with an array of reagents 
10 These samples included two urine specimens from children under 1 year. These children were 
suspected of suffering from congenital cytomegalo disease. A lung biopsy specimen from a 
patient with CMV pulmonary infection was also assayed by the present sandwich hybridization 
Both cytomegalovirus-infected and uninfected human fetal cells were also used as specimens in 
the test. 

1 5 A solution which contained 1 % sarcosyl and 5 mA EDTA and 200 /xg calf thymus DNA was 1 5 
added to a 10 ml urine specimen, whereafter the DNA released from the virus, together with the 
carrier, was precipitated using 10 ml isopropanol at room temperature. The DNA precipitate was 
dissolved in 200 /il of TE buffer and was brought to a single-stranded form by boiling it for 5 
mm whereafter the DNA solution was cooled to OX and added to the hybridization solution 

The lung biopsy specimen (a few mm^) was minced mechanically, with a knife, 200 ul of TE 20 
buffer containing 1% SDS solution and 1 mg/ml of proteinase K-enzyme was added to it A 
digestion was carried out at + 37-C for 1 h whereafter the specimen was drawn into an " 
injection syringe twice through a thin hypodermical needle. The specimen thus homogenized 
was boiled, whereafter it was added to the test solution. 

25 The cells infected with cytomegalovirus and the uninfected cells were broken up by an SDS 25 
proteinase K treatment, homogenized and boiled, as above. ' - 

The reagents in the hybridization test were pKTHI 273(a,) and pKTH1274(a,) on filters and 
mKTH1277(b,) mKTH1278(b,), mKTH1279(b3) as probU%ach'^200.000 cpriAeaS 1^^^ 
other respects the hybridization, the washing of the filters and the counting of the results were 

30 carried out as described in Example lb. 3q 
The results of the present hybridization are shown in Table 6. 



35 



40 



45 



The results in Table 6 show that it is possible, by using an array of nucleic acid reagents to 
demonstrate CMV in different clinical specimens such as urine, lung biopsy specimens and cells 
su I he test is specific to cytomegalovirus; it does not identify human DNA, i.e. the test is not 50 
interfered by the human DNA present in the sample. In fact the type of specimen does not 
interfere with the specifity of test in any way. 

CLAIMS 

55 1 Nucleic acid reagents, characterized in that they comprise arrays of alternatinq nucleic 55 
acid fragments. ^ 

2. Nucleic acid reagents according to claim 1, characterized in that they comprise two or 
more series of at least two but preferably more arrays of alternating nucleic acid fragments 
sufficiently homologous to the nucleic acid which is to be identified but not homologous to one 
ou another. 



3. Nucleic acid reagents according to claims 1 and 2, characterized in that they comprise 
either separate or joined arrays of alternating nucleic acid fragments 

4 M..-1-r -J .. . . . _ 



60 



Nucleic acid reagents according to claims 1, 2 or 3 characterized in that they comprise 
arrays of nucleic acid fragments which either have or do not have vector-derived parts 

5. Nucleic acid reagents according to claim 1 . 2, 3 or 4 characterized in that they comprise 65 



11 
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labeled arrays of nucleic acid fragments. 

6. Nucleic acid reagents according to claims 1 , 2, 3 or 4 characterized in that they comprise 
arrays of nucleic acid fragments affixed to a solid carrier. 

7. Nucleic acid reagents according to claims 1, 2, 3 or 4 characterized in that they comprise 

5 the recombinant plasmid pKTHI 220 or derivatives thereof and which recombinant plasmid 5 
contains the DNA of Chlamydia trachomatis L2 bacterium and is cloned into the host Escherichia 

deposit number of this host containing the recombinant plasmid 

pKTH1220 is DSM 2825. 

8. Nucleic acid reagents according to claims 1 , 2, 3, 4, 5 or 6 characterized in that they 

10 comprise the recombinant plasmid pKTH1271 or derivatives thereof and which recombinant 10 
plasmid contains the DNA of Cytomegalovirus AD 169 and is cloned into the host Escherichia 
coh K12 HB101, and the deposit number of this host containing the recombinant plasmid 
pKTH1271 is DSM 2826. 

9. The use of nucleic acid reagents according to claims 1, 2, 3, 4, 5, 6, 7 or 3 for the 

15 identification of several different nucleic acids, characterized in that suitable combinations of 1 5 

nucleic acid reagents are assembled from arrays of nucleic acid fragments sufficiently homolo- 
gous to these different nucleic acids. 

10. The use of the nucleic acid reagents according to claims 1, 2, 3, 4, 5, 6, 7 or 8 in 
hybridization methods, characterized in that the arrays of hybrids formed in the hybridization 

20 methods are demonstrated by methods known per se. 20 

11. The use of nucleic acid reagents according to claims 1, 2, 3, 4, 5, 6, 7 or 8 in 
sandwich hybridization methods, characterized in that the arrays of sandwich hybrids formed in 
the sandwich hybrid methods are demonstrated by methods known per se, 

12. A method for the preparation of nucleic acid reagents according to claims 1, 2, 3, 4, 5, 

25 6, 7 or 8, characterized in that the arrays of nucleic acid fragments are prepared by 25 
recombinant-DNA techniques, synthetically or semisynthetically. 

1 3. A method according to claim 1 2, characterized in that the preparation of the arrays of 
nucleic acid fragments comprises: 
(a) the isolation of a selected nucleic acids of suitable length 
30 (b) the cloning of the selected nucleic acid into suitable vectors 30 

(c) the fragmentation of the nucleic acids by using a restriction enzymes 

(d) the combination of the suitable arrays of fragments into series by using suitable ligases 

(e) the cloning of the arrays of fragments into suitable vectors, preferably fragments 
belonging to different series into different vectors 

35 (f) the labeling of the either separate or joined nucleic acid fragments belonging to one series 35 
(g) the fixation to a solid carrier of the either separate or joined nucleic acid fragments 
belonging to the other series. 

14. A method for the preparation of a nucleic acid reagent as claimed in claim 1, carried out 
substantially as hereinbefore described or exemplified. 
40 15. A nucleic acid reagent as claimed in claim 1 and substantially as hereinbefore described. 40 
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